The herbicide 3-amino-1, 2,4-triazole induces complete chlorosis without any morphogenetic effect on Canna edulis leaves. Comparative analyses of the mineral and biochemical composition and also of the physiological properties of normal and bleached leaf cells establish a high specificity of this herbicide for inhibition of formation of chloroplast membranes. The synthesis of membrane lipids and chloroplastic terpenoid derivatives were specifically inhibited. This compound was found to inhibit photosynthetic 02 evolution and "CO2 fixation at the whole cell level and ferricyanide reduction in isolated chloroplasts immediately after its application. This inhibition was reversible with the addition of a number of unrelated compounds shown to nullify its herbicidal effect. Avron et al. (4).
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The mechanism of action of this compound in specifically blocking the development of chloroplast membranes is discussed in terms of its primary action on photosvnthetic carbon fixation.
The selective inhibition of an organelle in a cell offers a useful tool for studies concerning the formation of various cell constitutents and their regulation. However, there have been no specific inhibitors known of either chloroplast or of mitochondrial development which will have no residual effect on the rest of the cellular energy metabolism. Though growing plants in the dark can eliminate preferentially the development of the chloroplasts, the attendant morphogenetic changes tend to complicate any meaningful studies on the rest of the cell. 3-Amino-i ,2,4-triazole is a compound known to induce chlorosis at sublethal concentrations without any morphogenetic effects (19) . The mechanism of action of AT' in specifically blocking the development of chloroplasts in higher plants is yet to be understood though there have been several suggestions. Most of the earlier work designed to elucidate the mechanism of action of this herbicide centered around various metabolic processes such as Chl (1) and porphyrin synthesis (9) , cation functions (19) , nucleic acid (14) and protein syn!hesis, and more recently carotenogenesis (7) . From (4) .
The Chl content of the cells was determined by the method described by Arnon (3) and the total carotenoid was determined by Goodwin's method (16) . The protein content of the cells was determined by the method of Lowry et al. (23) . The nucleic acid was estimated after extraction using orcinol and diphenylamine reagents for RNA and DNA, respectively, by the method described by Volkin (30) . The total nucleic acid content was computed by adding both RNA and DNA content: the free aminoacids were computed by the method of Troll and Canan (29); the soluble sugars were measured using phenolsLilfuric acid reagent after 80% methanol extraction and the starch employing an iodine reagent. The determination of total lipid was made gravimetrically and the phospholipid content was estimated as described by Bartlett (8) . The estimation of both metal and nonmetal constituents was carried out as described by Chapman, and Liebig (1 1).
The amount of s-carotene was estimated by the method described by Goodwin (17) , and the amounts of both plastoquinone and ubiquinone were estimated by the methods de- scribed by Crane (12) and Crane and Barr (13), respectively. Sterol was estimated by the method of Abell et al. (2) .
All the chemicals used in this study were of AnalaR grade from B.D.H. Company, India. The radioactive compounds were obtained from B.A.R.C., and the processed samples were counted in the gas-flow proportional counter manufactured by Electronic Corporation of India.
RESULTS
The application of sublethal concentrations of AT to Canna plants caused the newly expanding leaves to become chlorotic. The albino leaves grew and expanded nearly as well as the untreated leaves. Examination of the isolated mesophyll cells from these leaves in the light microscope revealed that they were morphologically very similar to the normal green cells except for the absence of any well developed chloroplasts. The older leaves, whose cells were no longer dividing, were not affected by AT, even at a higher concentration than that normally needed to cause chlorosis in developing leaves (Table I) .
The respiratory and photosynthetic 02 exchange rates of the cells isolated from the AT-sprayed leaves at various time intervals after application are shown in Figure 1 . After the leaves had been sprayed with AT, the leaf samples were collected at the indicated time intervals, the cells were isolated, and their 02 exchange rates were measured. The 02 uptake doubled during the first 30 hr after AT spray and then dropped off to the level of untreated cells. The photosynthetic evolution of 02, however, was drastically inhibited throughout. This is AT, samples were harvested at specified time intervals, and estimations were performed using isolated leaf cells as described previously (12, 13, 17) . The plastoquinone (PQ) level in controls ranged from 320 to 380 nmoles/108 cells and that of ubiquinone (UQ) remained unchanged (40 nmoles/108 cells). corroborated by the changes observed with the levels of chloroplastic components like Chl, carotenoids (Table I) , and plastoquinones (Fig. 3) . There was no change in the level of ubiquinone (Fig. 3) . The effect of various concentration levels of AT on the photosynthetic and respiratory 02 exchange rates of isolated Canna leaf cells are shown in Figure 2 . At lower concentration levels, AT seems to enhance the 02 uptake marginally, but the effect of AT becomes inhibitory beyond a critical level. Photosynthetic evolution of 02, however, was inhibited at all the concentration levels studied. Similarly,`4CO2 fixation by the whole cells and ferricyanide reduction by the isolated chloroplasts were inhibited to less than 50% of control when 2 mm AT was added.
The inhibition of photosynthetic rate caused by AT apparently could be reversed by the addition of certain compounds that were shown by others to nullify the herbicidal action of AT (Table II) . The results indicate that the reversal of the toxic effect of AT by the various compounds may be due to their ability to complex with AT before the latter could reach its primary site of action.
In order to establish the extent of specificity exerted by this compound in blocking the chloroplast development, the chemical composition and the physiological properties of the AT-bleached cells were compared to normal chloroplast-containing cells Because the total lipid content was the one to be maximally reduced in the bleached cells, a detailed comparative estimation of the various lipid components associated with membranes was undertaken between AT-bleached and normal green cells. One of the important groups of substances associated with chloroplast membranes is composed of the terpenoid derivatives such as carotenoids, sterols, and phytolated compounds like chlorophylls, plastoquinone, and vitamin K.
Comparative estimations of these compounds in both green and bleached cells are given in Table IV . Whereas carotene and plastoquinone were completely absent in the maximally bleached cells, there was no significant difference in the sterol content of the green and bleached cells. This is corroborated by the study on the changes in the levels of the lipid components associated with the membranes on AT-treated leaves as compared to the control (Fig. 3) . While the carotene and plastoquinone content of the leaf cells declined as a consequence of AT treatment, the ubiquinone level was unaffected. The sterol content increased 2-to 3-fold in the first 6 days after AT treatment, but finally decreased to the initial level by the time maximal bleaching was evident.
The total absence of chloroplastic terpenoid derivatives, viz. Chl, carotene, and plastoquinone in the AT bleached leaves suggests that AT may block chloroplast development by interfering with the biosynthesis of these compounds. To ascertain this possibility the incorporation of "4C-bicarbonate under illu- mination into terpenoid compounds was followed in the presence and absence of AT, using isolated leaf cell suspensions obtained from 10-day-old expanding Canna leaves. "4C-Bicarbonate incorporation into the chloroplastic terpenoid derivatives was inhibited by AT, but the latter had no significant effect on the synthesis of extraplastidic terpenoids. DISCUSSION The AT-induced chlorotic symptoms resemble those in some of the naturally occurring mutants in which chloroplast development is blocked at the proplastid stage. The observed de- cline in the amount of Chl and carotenoids of the AT-treated young leaves obviously is due to inhibition of the new biosynthesis by AT, rather than to degradation of the already formed pigments. This is evidenced by the fact that AT has no bleaching effect on the fully mature leaves.
Extensive studies by others have definitively indicated that the synthesis of the major ring structures of the pigments like porphyrins are not affected by AT (8, 19, 31 If chlorosis is induced through the inhibition of photosyntheic carbon source needed for chloroplast membrane assembly, any other herbicide like DCMU and CMU should also prevent chloroplast development which seems not to be the case. This failure to prevent chloroplast development may perhaps be due to the inability of these other herbicides to move to the growing parts-such as developing shoots and leaf primordia-and interfere with the photosynthesis of developing proplastids early enough in the developmental sequence, as AT has been shown to be capable of doing.
